[KIN91USA] 

PAPERMAKING PRESS FELT AND PRESS 
APPARATUS FOR A PAPERMAKING MACHINE 

FIELD OF THE INVENTION 

[0001] This invention relates to a felt for use in the 
press part of a papermaking machine, and more particularly 
to a press felt having improved water removing capability, 
and to the press part of a papermaking machine utilizing 
the press felt. 

BACKGROUND OF THE INVENTION 

[0002] A conventional press apparatus used for squeezing 
water from a wet paper web in a papermaking process has 
four press nips, and is shown in FIG. 1. 

[0003] A wet paper web W, having a density of 15-18%, 
formed in a wire part of the papermaking apparatus, is 
sucked onto a suction pickup roll 2 and attached to a 
pickup felt 3. Water is squeezed from the wet paper web 
through the felt 3, and a bottom felt A, in a first press 
IP which is referred to as a "double felt press," since it 
comprising two felts 3 and 4, as well as a suction roll 5 
and a grooved roll 6a. 

[0004] The wet paper web is held on the surface of the 

pickup felt 3, and sucked by vacuum of the suction roll 5. 
Water is further squeezed from the wet paper web in a 
single felt press 2P, which comprises a center roll 6, 
having a dense, smooth surface, and a grooved roll 6b. 
[0005] Rewetting of the wet paper web W, that is, the 

return of water from the press felt to the wet paper web, 
occurs in this process where the wet paper web is 
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transferred from the first nip formed by rolls 5 and 6a, to 
the second nip formed by rolls 6 and 6b. 

[0006] After the pickup felt 3 transfers the wet paper 
web W to the center roll 6, water is squeezed from the wet 
paper web in a third press 3P, comprising the roll 6 and a 
third grooved roll 6c, and in a fourth press 4P, comprising 
a roll 7 and a grooved roll 6d. Thereafter, the wet paper 
web is transferred to a dryer part of the papermaking 
apparatus, comprising dryer rolls 8. 

[0007] A double felt press nip is shown in detail in 
FIG. 2. The press nip comprises a pair of press rolls P, 
and a pair of press felts 11, which pinch a wet paper web 
W. The press felts 11, and the wet paper web W, are 
compressed by the press rolls P, and thus water is squeezed 
from the wet paper web W. 

[0008] While FIG. 2 shows a roll press wherein a nip 

comprises two rolls, alternatively, a shoe press may be 
used, in which the nip comprises a roll and a shoe press 
module. In the shoe press, as in the roll press, press 
felts absorb water squeezed from a wet paper web. 
[0009] The structure of a press felt 11, of the kind 

generally used in papermaking, is shown in FIG. 3, which is 
a cross-sectional view taken on a plane extending in the 
machine direction. The felt 11, shown in of FIG- 3, is an 
endless press felt, comprising a base body 20 and a layers 
30 of batt material/ The batt material comprises a wet 
paper web side layer 31 and a press side layer 32. The 
batt material is formed by needle punching a batt fiber to 
the base body 20. Thus, batt fiber is provided inside the 
base body 20. 
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[0010] The movement of water from the wet paper web in 
the press part of FIG. 2 is illustrated in FIG. 4. For 
simplicity, only one press felt 11 is shown in FIG. 4. 

When the two press rolls P rotate in the directions shown 
by the arrows in FIG. 4, the press felt 11 and a wet paper 
web W are pinched by the press rolls P as they pass through 
the press part. As mentioned above, the press felt 11, and 
the wet paper web W, are compressed in the press part, and 
water is squeezed out of the wet paper web W and absorbed 
in the press felt 11. 

[0011] However, when the wet paper web and the press 
felt are transferred from the center of the nip to the 
delivery side of the press part, the pressure applied to 
the wet paper web W and the press felt 11 is rapidly 
released, and the press felt 11, and the wet paper web W, 
rapidly expand in volume. As a result, a negative pressure 
is created in the press felt 11. Moreover a capillary 
phenomenon occurs, since the wet paper web comprises thin 
fibers. The negative pressure and the capillary phenomenon 
cause water absorbed in the press felt 11 to return to the 
wet paper web W. This "rewetting" phenomenon and is 
generally known by those skilled in the art as a problem in 
a conventional press apparatus. 

[0012] While FIG. 4 shows a case of a roll press nip, 
the same phenomenon occurs in the case of a shoe press nip. 
In both types of press nip, rewetting is a major cause of 
decreased water removal capability. 

[0013] One conventional press felt designed to reduce 

rewetting, is shown in FIG. 5, and described at page 3 of 

Unexamined Japanese Patent Publication 8888/1991. In this 
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press felt, a barrier layer 41, comprising super-fine 
fibers or a hydrophilic material, is formed in a press side 
part 32 of the batt material. 

[0014] In another conventional press felt, shown in FIG. 

6 and described in U.S. Patent No. 5,372,876 a hydrophobic 
spun bond layer 42 is provided as part of the wet paper web 
side part 31 of the batt material. 

[0015] The results of experiments have revealed that the 
structures shown in FIGs. 5 and 6 did not sufficiently 
prevent rewetting. The inability of press felt 12 of FIG. 
5 to prevent rewetting appears to be due to the fact that, 
while water is held in the barrier layer 41 comprising 
super-fine fibers or hydrophilic material, water in the wet 
paper web side layer 31, which lacks the barrier layer 
material, returns to the wet paper web after the press felt 
is released from the press part of the machine. 
[0016] In the case of the press felt 13 of FIG- 6, the 

hydrophobic spun bond material 42 prevents water which is 
located on the roll side relative to the spun bond material 
from moving to the wet paper web. However, the press felt 
of FIG. 6 does not function effectively to prevent 
rewetting, apparently because, since the spun bond material 
42 is hydrophobic, water held inside the spun bond 
material, and water located in the batt layer on the wet 
paper web side of the spun bond material, move easily to 
the wet paper web. 

[0017] In view of the above problems, it is an object of 

the invention to provide a papermaking press felt and a 
press apparatus which more effectively prevent rewetting. 
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SUMMARY OF THE INVENTION 

[0018] The papermaking press felt in accordance with the 
invention has certain conventional features in that it 
comprising a base body and a batt material, the batt 
material being composed of a wet paper web side layer and a 
press side layer. However, the press felt differs from 
conventional press felts in that it comprises a 
hydrophilic, nonwoven fabric provided in the wet paper web 
side layer of the batt material. 

[0019] Where the batt material comprises staple fibers, 
the fineness of the staple fibers located on the wet paper 
web side of the hydrophilic nonwoven fabric is preferably 9 
dtex or less. 

[0020] Preferably, the ratio of the basis weight of the 
part of the batt material located on the wet paper web side 
of the hydrophilic nonwoven fabric to the basis weight of 
the hydrophilic nonwoven fabric is in the range from 8:1 to 
3:1. 

[0021] The water contact angle of the hydrophilic 
nonwoven fabric is preferably 30 degrees or less when the 
water content of the nonwoven fabric is 30-50%. 

[0022] A press apparatus of a papermaking machine 
according to the invention incorporates the felt previously 
described. The felt may be one of two felts in a double 
felt press, or may be a single felt on which a wet paper 
web is transferred out of a press apparatus. The felt may 
be incorporated in one or plural successive press 
apparatuses of a papermaking machine, and is most effective 
when incorporated into the last one of a series of press 
apparatuses . 
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[0023] The press felt in accordance with the invention 
has a relatively simple structure, and, when incorporated 
into a press apparatus of a papermaking machine, it 
exhibits excellent water removal and excellent prevention 
of rewetting. 

BRIEF DESCRIPTION OF DRAWINGS 

[0024] FIG. 1 is a schematic explanatory view of a press 
apparatus of a papermaking machine; 

[0025] FIG. 2 is a schematic explanatory view of a press 

nip; 

[0026] FIG. 3 is a cross-sectional view of a 
conventional press felt; 

[0027] FIG. 4 is an explanatory cross-sectional view 
showing the movement of water to and from a wet paper web 
in the press part of a papermaking machine; 
[0028] FIG. 5 is a cross-sectional view of another 

conventional press felt; 

[0029] FIG. 6 is a cross-sectional view of still another 

conventional press felt; 

[0030] FIG. 7 is a cross-sectional view of an embodiment 

of a press felt according to the invention; 

[0031] FIG. 8 is a cross-sectional view of another 

embodiment of a press felt according to the invention; 

[0032] FIG. 9 is a schematic view of an apparatus for 

determining the effects of a press felt according to the 

invention; 

[0033] FIG. 10 is a schematic view of another apparatus 
for determining the effects of a press felt according to 
the invention; 
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[0034] FIG. 11 is a chart showing the results of tests 
carried out using the testing apparatuses of FIGs . 9 and 
10; 

[0035] FIG. 12 is a schematic explanatory view of a test 

apparatus for measuring the amount of rewetting; 

[0036] FIG. 13 is chart showing the results of tests 

conducted using the apparatus of FIG. 12; and 

[0037] FIG. 14 is a schematic view of a press apparatus 

of a papermaking machine in which a felt according to the 

invention is installed. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0038] Embodiments of a press felt according to the 
invention will be explained with reference to FIGs. 7 and 
8, which are cross-sectional views taken on section planes 
extending in the machine direction. 

[0039] In both of FIGs. 7 and 8, a press felt 10 

comprises a base body 20, a batt material 30, and a 
hydrophilic nonwoven fabric 40, all of which are 
intertwiningly integrated by needle punching. 

[0040] The base body 20 imparts strength to the press 
felt. A woven fabric, a structure wherein yarns are not 
woven but stacked, or a film or the like, are known to 
those skilled in the art as suitable for base bodies, and 
may be used as base bodies in the press felt according to 
the invention. 

[0041] The batt material 30 comprises a staple fiber 50, 
and is composed of a wet paper web side layer 31 and a 
press side layer 32. The staple fiber 50 is also provided 
in the base body 20. 
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[0042] A fiber with fineness of 6 dtex or more is used 
as the staple fiber 50 forming the batt material 30. A 
fiber having fineness of about 17 dtex is preferred. 
[0043] A natural fiber such as wool, and a synthetic 
fiber such as nylon 6 or nylon 66, which are superior in 
wear resistance, fatigue resistance, extension 
characteristics, and stain resistance, are preferably used 
as materials for the base body 20 and the batt material 30. 
[0044] The hydrophilic nonwoven fabric 40 is provided in 
the wet paper web side layer 31 of the batt material 30. 
Therefore, the wet paper web side layer 31 is composed of a 
first sublayer 31a, located on the wet paper web side 
relative to the hydrophilic nonwoven fabric 40, and a 
second sublayer 31b, located on the roll side relative to 
the hydrophilic nonwoven fabric 40. 

[0045] The hydrophilic nonwoven fabric 40 comprises 
fibers which are thinner, and of higher density, compared 
to the fibers of the batt material 30. The hydrophilic 
nonwoven fabric is formed by laminating fibers which are 
made by melting and spinning resin. For example, a spun 
bonded nonwoven fabric, formed by laminating a continuous 
filament may be used. As another example, a nonwoven 
fabric, formed by extending molten polymer with a hot 
blast, thereby making fine fibers, and forming a sheet 
therefrom, may be used- A suitable fineness of the fibers 
of the nonwoven fabric 40 is 4 dtex or less. Nylon may be 
used as the material of the fine fibers of the non-woven 
fabric. 

[0046] Excellent results are obtained when the 

hydrophilic level of the nonwoven fabric 40 is such that 
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the water contact angle is 30 degrees or less when the 
water content of the nonwoven fabric is adjusted to 30-50%. 
The percentage water content of the nonwoven fabric is 100 
times the weight of the water content, divided by the 
overall weight of the fabric, including its water content. 
[0047] When a nylon spun bond material is purchased for 
use as a nonwoven fabric, it may be hydrophobic at the time 
of purchase. This is due to the fact that hydrophobic 
spinning oil is normally used in the manufacture of a spun 
bond material for improving its opening properties and 
fiber cohesion. However, the hydrophobic oil escapes from 
the spun bond material at a very early stage in the use of 
the papermaking felt incorporating the spun bond material. 
Thus, even though a nonwoven fabric may be hydrophobic at 
the time of its purchase, the object of the invention may 
be achieved, if the nonwoven fabric becomes hydrophilic 
when in use. It is sufficient that the nonwoven fabric 
have hydrophilic properties when the papermaking press felt 
is in normal use. 

[0048] The function of the press felt 10 shown in FIG. 7 

is as follows. 

[0049] First, water from a wet paper web moves to the 

press felt 10 as a result of pressure applied by the press 

rolls. Then, as explained above, when the press felt 

travels beyond the press rolls and the pressure is 

released, the rewetting phenomenon occurs. However, in the 

case of a press felt 10 according to the invention, the 

hydrophilic nonwoven fabric 40 has a higher density and 

lower water permeability than the batt fiber. Therefore, 

water in the part of the batt material located on the roll 
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side relative to the hydrophilic nonwoven fabric 40, that 
is water in the sublayer 31b, does not readily pass through 
the hydrophilic nonwoven fabric 40 and return to the wet 
paper web. 

[0050] Furthermore, since fibers of the hydrophilic 

nonwoven fabric 40 are finer than those of the batt 
material 30, water held in sublayer 31a on the wet web side 
of the hydrophilic nonwoven fabric 4 0 readily moves into 
the fabric 40 due to the capillary phenomenon. 
[0051] Furthermore, the hydrophilic nonwoven fabric 
exerts a "hydration force." That is, the hydrophilic 
character of the nonwoven fabric 40 remarkably improves not 
only the movement of water into the nonwoven fabric 40, but 
also the holding of the water in the batt fiber layer. 
Thus, water in the sublayer 31a, which is the nearest the 
wet paper web, is either held in the sublayer 31a by the 
hydration force, or is prevented from moving to the wet 
paper web by the hydrophilic character of the nonwoven 
fabric 40 itself. 

[0052] As a result, the press felt according to the 
invention prevents rewetting more effectively than a 
conventional press felt. 

[0053] Water held in the sublayer 31a, which is located 
on the wet paper web side relative to the hydrophilic 
nonwoven fabric 40, is less likely to cause rewetting than 
in the case of a conventional press felt because of the 
hydration force exerted by the hydrophilic nonwoven fabric 
40. However, even in the case of a hydrophilic nonwoven 
fabric layer, a part of water in sublayer 31a moves to the 
wet paper web. 

- 10- 



[0054] The hydration force in the sublayer 31a may be 
increased by using fibers which are thinner than 
conventional fibers as staple fibers 50, as shown in FIG. 
8, so that the amount of water moving from the sublayer 31a 
to the wet paper web is further reduced. Since the staple 
fibers 50 of the sublayer 31a, which is in direct contact 
with the wet paper web, are thinner than conventional 
fibers, the difference between the fineness of the staple 
fibers 50 of layer 31a, and the fiber of the wet paper web, 
becomes relatively small. Therefore, the amount of water 
moving from the sublayer 31a to the wet paper web due to 
the capillary phenomenon becomes relatively small. 
[0055] It was determined, from the results of tests, 
that excellent effects can be obtained when the fineness of 
a staple fiber 50 of the outermost wet paper web side 
sublayer 31a is 9 dtex or less. 

[0056] It was also determined that the weight ratio of 
the outermost wet paper web side sublayer 31a to a 
hydrophilic nonwoven fabric layer had a close relationship 
to the prevention of rewetting. The basis weight ratio 
(that is, the ratio of the weights per unit area) of the 
outermost wet paper web side layer 31a to the hydrophilic 
nonwoven fabric layer 4 0 was preferably in the range from 
8:1 to 3:1. 

[0057] A suitable basis weight of the outermost wet 
paper web side layer 31a is 100-200 g/m^, while the basis 
weight of the hydrophilic non- woven fabric 40 is in the 
range of about 16-50 g/m^ . 



Examples 

[0058] Tests were conducted to determine the effects of 
papermaking press felts according to the invention. 
[0059] A basic structure of all the felts was as 
follows, so that certain conditions were common to both the 
examples of the invention and the comparative examples. In 
particular, the base body, which was a plain weave composed 
of nylon of nylon monofilament twine, had a basis weight of 
300g/m^. The batt material, which was composed of staple 
fibers of nylon 6 had a total basis weight of 550 g/m^. 
The needle punching density was 700 times/cm^. 
[0060] Except in comparative examples 1 and 2, a 
hydrophilic nonwoven fabric was provided in a wet paper web 
side sublayer of the batt material, the batt material had a 
first wet paper web side sublayer and a second wet paper 
web side sublayer. In the examples in accordance with the 
invention, and in the comparative examples other than 
comparative examples 1 and 2, the fineness of the fibers of 
the inner wet paper web side sublayer and the press side 
layer was 17 dtex. 

[0061] As shown in FIG. 11, the examples and the 
comparative examples were obtained by changing the 
material, fineness, and basis weight of the batt material, 
and in the case of examples 1-7 and comparative examples 3 
and 4, by changing the structure and basis weight of the 
nonwoven fabric layer, and the water contact angle on the 
nonwoven fabric layer. 

[0062] Tests were conducted by using the papermaking 

press felts of the above examples, and the comparative 

examples, and the apparatuses shown in FIGs. 9 and 10. 
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[0063] In the apparatuses shown in FIGs. 9 and 10, P 
designates a press roll, 110 designates a top side felt, 10 
designates a bottom side felt, SC stands for a suction 
tube, and KN designates a shower nozzle. 

[0064] The examples in accordance with the invention, 

and the comparative examples, were used as the bottom side 
felt 10. The press felt of comparative example 1 was used 
as the top side felt. 

[0065] The test apparatuses of FIGs. 9 and 10 both had a 
felt running speed of 500 m/min, and a press pressure of 
100 kg/cm^. 

[0066] In the apparatus of FIG. 9, a wet paper web 
released from the nip pressure was placed on a bottom side 
felt 10 and transferred. Data concerning the water content 
of the wet paper web, indicating the degree of rewetting, 
was obtained by measuring the wettability of the wet paper 
web at the press exit location 1, to which, after release 
from the nip pressure, the wet paper web was transferred by 
the bottom side felt. 

[0067] On the other hand, in the case of the apparatus 
shown in FIG. 10, the area of a bottom side felt 10 which 
was in contact with a press roll was comparatively large, 
and the time during which the wet paper web was in contact 
with the felts 10 and 110 after release from the nip 
pressure was very short. Therefore, data concerning the 
water content of a wet paper web in the case where 
rewetting does not fully occur may be obtained by measuring 
the wettability of the wet paper web at the press exit 2 
immediately after the wet paper web is released from the 
nip pressure. 
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[0068] The rewetting phenomenon was evaluated by 
calculating the difference between the water content 
obtained by the apparatus of FIG. 9, and the water content 
obtained by the apparatus shown in FIG. 10. When the 
difference was below 0.5%, it was judged that rewetting did 
not occur (evaluation: "O"). On the other hand, when the 
difference was 0.5% or more and below 1.0%, it was judged 

that a small amount of rewetting occurred (evaluation: "A") 

and when the difference between them was above 1.0%, it was 
judged that a rewetting phenomenon occurred (evaluation: 
"X") . 

[0069] The summary of these results is shown in FIG. 11. 

[0070] As shown in FIG. 11, it was found out that a 
papermaking press felt according to the invention was 
capable of excellent and effective suppression of 
rewetting. 

[0071] The effect obtained as a result of the 
hydrophilic character of the nonwoven fabric was determined 
by comparing Example 1 with Comparative Example 3. 

[0072] In addition, it was determined from Examples 1-5 
that the basis weight ratio of the outermost portion of the 
batt layer to the nonwoven fabric layer is preferably in 
the range from 8:1 to 3:1. 

[0074] Furthermore, it was determined from Examples 1, 

6, and 7 that the fineness of the fibers of the outermost 
part of the batt layer is preferably 9 dtex or less. 
[0075] Tests were also conducted, using the test 
apparatus shown in FIG. 12, to determine the effect of 
changing the period of time during which the felt is in 
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contact with the wet paper web after passing through a 
press nip. These tests were conducted using two kinds of 
felts as bottom felts: a conventional felt in accordance 
with Comparative Example 1, and a felt in accordance with 
the invention, corresponding to Example 1. 

[0076] A wet paper web which was not pressed through a 
press nip. was passed through the test apparatus. The 
relation between the felt contact time and the observed 
amount of rewetting was examined by changing the period of 
time during which a wet paper web was pinched by the top 
and bottom felts after passing through the press nip. The 
results are depicted in FIG. 13. 

[0077] As shown in FIG. 13, the felt according to the 
invention exhibited excellent prevention of rewetting since 
the amount of rewetting remained substantially constant 
with increasing felt contact time, whereas, in the case of 
the conventional felt, the amount of rewetting increased 
significantly with the increase in felt contact time. 
[0078] A papermaking machine 100 on which a felt 

according to the invention is mounted is shown in FIG. 14. 
This machine comprises a first press apparatus 103 and a 
second press apparatus 203 provided in the downstream 
thereof, both pinching a wet paper web W between two sheets 
of felt and thereby squeezing water from the wet paper web 
W. Although FIG. 14 shows the case in which a felt 10 
according to the invention is used as a bottom felt in the 
second press apparatus 203, the invention is not limited to 
this configuration. The press felt of the invention may be 
used in the first press apparatus 103, in the second press 
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apparatus 203, or in both the first press apparatus 103 and 
the second press apparatus 203. 

[0079] A wet paper web W is pinched between felts, or 
held on a bottom felt and transferred, so that high-speed 
transfer of the wet paper web may be obtained. Therefore, 
a wet paper web may be stably transferred at high speed 
(without suspension of the paper supply) throughout the 
whole section as shown in FIG. 14, by holding it between, 
or on, felts according to the invention. 
[0080] It is especially desirable to use a felt 
according to the invention as a bottom felt in the second 
press apparatus 203, since the final water content of the 
wet paper web is influenced more by the second press 
apparatus 203. 

[0081] In this type of press, where a wet paper web is 
held between felts or on a felt after passing through a 
nip, the return of water to the felt as a result of 
rewetting decreases a water removing capability of the 
apparatus. However, the water removing capability is 
greatly improved by replacing a conventional felt with a 
felt according to the invention. 

[0082] While FIG. 14 shows a shoe press apparatus in a 
papermaking machine comprising two shoe presses in series, 
a felt according to the invention may prevent rewetting 
effectively even where one of the shoe presses is replaced 
by a roll press, or when the press part of the machine 
comprises only one shoe press. 

[0083] As explained above, according to the invention, a 

papermaking press felt exhibiting excellent prevention of 

rewetting may be provided by a relatively simple structure 
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in which a hydrophilic nonwoven fabric is incorporated into 
the wet paper web side portion of a batt material. When 
the press felt is used in a press apparatus of a 
papermaking machine, an excellent water removing capability 
may be obtained. 
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